In a ring laser gyroscope, due to the rotation and the Sagnac effect, a phase difference between the two counter-propagating beams is generated. In this device, the higher phase difference between these two beams causes the better the interference pattern detection, and thus the sensitivity is increased. In this paper, the effect of inserting a dielectricgraphene photonic crystal inside a ring laser gyroscope on the interference pattern and the sensitivity of the device are studied and simulated using ABCD propagation matrix method. Results show that dielectric-graphene photonic crystal has a high transmission and therefore high efficiency in the wavelength of ring laser gyroscope. So it is a suitable choice to use in the ring laser gyroscope. Also, a comparison between ring laser gyroscope with and without dielectric-graphene photonic crystal shows that when the dielectric-graphene photonic crystal is in the system it is possible to build gyroscope with smaller lengths and high sensitivity.
I. INTRODUCTION
The gyroscope is a key sensor in modern navigation systems enabling to plan, record and control the movement of a vehicle from one place to another. This device has a wide spectrum of applications in space engineering, aeronautical and military industry, automotive, medicine and so on [1] . There are several types of gyroscopes, including ring laser gyroscopes (RLG) [2] . Due to the importance of this device in various applications, especially military applications, extensive efforts have been made to increase the sensitivity of the device and improve its performance including using fast-light-enhanced He-Ne ring-laser gyroscope [3] , superluminal ring laser [4] , multilayer optical coatings on one of the gyroscope mirrors [5] , nonlinear effects [6] and so on. The maximum sensitivity measured in all of these methods was of the order of 6 10 [7, 8] . The purpose of this paper is to increase the sensitivity of the device using photonic crystal.
Photonic crystals (PC) can be considered as periodic arrangements of regularly shaped materials with different dielectric constants. Periodicity can vary from single-dimensional (1D) to three-dimensional (3D) [9, 10] . The first research on photonic crystals refers to 1987 [11] . Today, photonic crystals have many applications such as using photonic crystal for sensing applications [12, 13, 14] , ultrafast switching [15] , Highly nonlinear and highly birefringent dispersion compensating [16] , linear and nonlinear photonic crystal waveguides [17, 18] and so on. The photonic crystal that is used in this paper is dielectricgraphene photonic crystal.
Graphene has high mobility and optical transparency and transmits light at visible wavelengths by 97.7% [19] . Therefore, entering a structure including graphene, in comparison with other structures, inside the laser gyroscope causes low absorption of the beam within the structure and increases the efficiency of the device.
In this paper, the effect of inserting a dielectric-graphene photonic crystal on the Downloaded from ijop.ir at 6:19 +0430 on Wednesday March 25th 2020 phase difference between two beams in a ring laser gyroscope is investigated using ABCD propagation matrix method and its effect on the interference pattern as well as the sensitivity of the device are simulated. Results show that the transmittance of dielectricgraphene photonic crystal in the wavelength of He-Ne laser (632.8nm) is approximately 80% and therefore the device has a good efficiency in this wavelength. A comparison between usual RLG and dielectric-graphene photonic crystal RLG shows that when the dielectricgraphene photonic crystal is in the system it is possible to build gyroscope with smaller dimensions and reduce the size of the gyroscope. Also, the use of this photonic crystal within a RLG increases the phase difference between two beams and the sensitivity of the device.
II. THEORETICAL BASICS

A. Ring Laser Gyroscope
A ring laser gyroscope consists of a triangular or square ring resonator. The gyroscope is based on the Sagnac effect. As a result of that, two counter-propagating waves traveling through the same closed path will exhibit a phase difference proportional to the angular velocity of the system. A schematic view of a triangular ring laser gyroscope is shown in Fig.  1 . The laser source that is used in this device is He-Ne laser and generates two counterpropagating beams. If the system is at rest, both light beams travel through the same optical path and stay in phase. If a rotation in a clockwise direction and angular velocity  is applied to the system, a difference in the optical path between the two beams will occur and can be calculated as follows [20] :
where  t and  t are the traveling times of the co-rotating and counter-rotating beams respectively, R is the radius of the closed path and c is the velocity of light in vacuum. Therefore, the frequency difference between two beams is:
where A is the area of the closed path,  is the wavelength of the He-Ne laser (632.8 nm) and L is the optical path. The phase difference between the two beams can be expressed as follows:
The higher phase difference between these two beams causes the better interference pattern detection, and thus the sensitivity is increased. Here, we insert dielectric-graphene photonic crystal inside one of the ring laser gyroscope arms and simulate its effect on the interference fringes and sensitivity of the device by ABCD propagation matrix method. Figure 2 shows the structure of a dielectricgraphene photonic crystal unit cell. In this structure, the thickness of dielectric layer is d and the thin layer graphene has the conductivity,  . The dielectric-graphene interface matrix that can link the field of the layer n to the layer 1 n  is [ 
B. Dielectric-graphene photonic crystal
where parameters  , n  and n u are defined as follows:
,  is the angle of the incident beam to the structure, and the conductivity of graphene is obtained as:
where e is electron charge, c  is the chemical potential of graphene and  is the relaxation time of charge carriers. If the unit cell structure of Fig. 2 repeats periodically for a number of periods, such as N, the entire matrix is considered as [22] :
After obtaining the matrix U, transmission coefficient and the phase delay of the photonic crystal can respectively be obtained:
By obtaining the phase delay caused by dielectric-graphene photonic crystal, the interference intensity of the two beams can be calculated.
C. Gaussian Beam
The output of He-Ne laser can be considered as a Gaussian beam. The field of Gaussian beam in the cylindrical coordinates is as follows [23] :
where 0  is the spot size on the waist, k is the propagation constant, and 0 z is the Rayleigh length. ) (z  and ) (z R are the spot size and the radius of curvature at the distance z from the waist, respectively which are related through the following relationship: at one point of the system, we can obtain the spot size and the radius of curvature and therefore the field of Gaussian beam at any desired point of the system by ABCD law: 
where A, B, C and D are the transfer matrix elements of the system.
III. SIMULATION RESULTS
In this section, the effect of inserting dielectric-graphene photonic crystal on interference pattern and sensitivity of the ring laser gyroscope is simulated. Here we add the crystal in one arm of the RLG as shown in Fig.  3 . In all simulations, the number of periods in the photonic crystal is 2 and the dielectric layer is silicon with a refractive index of 4.2060.
Downloaded from ijop.ir at 6:19 +0430 on Wednesday March 25th 2020 Fig. 3 . A ring laser gyroscope with dielectricgraphene photonic crystal. The light is generated by the laser and transmitted through two outputs of the laser in two opposite directions.
As mentioned before, graphene has high optical transparency at visible wavelengths. In Fig. 4 , the transmittance of dielectric-graphene photonic crystal is plotted as a function of wavelength ranged from 560nm to 700nm. As shown in this figure, the dielectric-graphene photonic crystal has a high transmission at wavelength 632.8nm and therefore by using this structure in the ring laser gyroscope doesn't decrease the efficiency of the device. The sensitivity is calculated from the following equation [24] :
where 2 0 0 2 1 E I  and 0 E is the amplitude of input field and  is the parameter in which the sensitivity is measured in term of it. Figure 5 shows the comparison between a RLG with and without dielectric-graphene photonic crystal in terms of RLG arm length ranged from 0.2m to 0.3m. As shown in this figure, when the dielectric-graphene photonic crystal is in the system, it is possible to build gyroscope with smaller lengths. Also, the sensitivity values of dielectric-graphene photonic crystal RLG are more than the case when there is no PC in the system which means that the phase difference between two interference beams is increased and leads to a more accurate measurement of the angular velocity of the system. In Fig. 6 , the interference intensity of the two beams () i I is plotted in terms of distance to the central fringe on the screen ) ( m Y for three different cases. The dashed line corresponds to the case when there is no dielectric-graphene photonic crystal in the RLG, the solid line corresponds to the case when the thickness of dielectric layer is . As seen in this figure, as the thickness of the dielectric layer increases, the phase difference between the two beams increases compared to the case when there is no dielectric-graphene photonic crystal in the system. In Fig. 7 , the sensitivity coefficient S is plotted versus the thickness of the dielectric layer. As shown, by increasing the thickness of the dielectric layer, the sensitivity of the device increases. 
IV. CONCLUSION
In this article, the ring laser gyroscope and its operation were first introduced. In RLGs the higher the phase difference, the better the interference fringes are detected and the sensitivity of the device goes up. Then the effect of inserting a dielectric-graphene photonic crystal inside a ring laser gyroscope on the interference pattern and the sensitivity of the device are studied and simulated using ABCD propagation matrix method. The results show that dielectric-graphene photonic crystal is a suitable choice to use in the RLG because it has a transmission of 80% in the wavelength of RLG. Also, a comparison between ring laser gyroscope with and without dielectricgraphene photonic crystal shows that when the dielectric-graphene photonic crystal is in the system it is possible to reduce the RLG size and it increases the phase difference between the two beams and therefore the sensitivity of the device increases. 
